A novel Gram-stain-negative, rod-shaped, non-spore-forming, aerobic, agarolytic bacterium, designated 017 T , was isolated 
Gracilaria blodgettii is an algae belonging to the phylum Rhodophyta and is an important raw material for making agar, which is an important marine polysaccharide and is a carbon source used by marine micro-organisms. There may be numerous naturally occurring bacteria with the capacity to hydrolyse agar living on Gracilaria blodgettii. The family Cellvibrionaceae, proposed by Spring et al. [1] , contains 11 genera, some with agarase activity, such as the genera Gilvimarinus [2] [3] [4] , Saccharophagus [5] , Marinimicrobium [6] and Simiduia [7] . Here, we report the taxonomic characteristics of a novel marine agarolytic bacterium, designated 017 T , which originated from the seaweed Gracilaria blodgettii.
Strain 017
T was isolated from Gracilaria blodgettii collected from the Lingshui county of Hainan, China (18 24¢ 29.8 † N 110 3¢ 44.2 † E), in June 2014. The sample was minced and diluted 10 000-fold with sterile seawater, and 0.1 ml aliquots of each dilution were spread onto marine agar 2216 (MA; BD). The isolate was grown aerobically at 28 C for 3 days. The strain was stored at À80 C in sterile 15 % (v/v) glycerol supplemented with 1 % (w/v) NaCl.
Teredinibacter turnerae DSM 15152
T [obtained from the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)] and Gilvimarinus chinensis QM42 T (from our laboratory) were used as reference strains.
DNA was extracted and purified using a bacterial genomic DNA Mini kit (TaKaRa Bio). The 16S rRNA gene was amplified using primers 27f and 1492r [8] . The amplified gene was cloned into the pGM-T vector (Tiangen), and recombinant plasmids were transformed into Escherichia coli DH5a. Sequencing was performed by Life Biotechnology (Shanghai, China). The 16S rRNA gene sequence was submitted to GenBank, and similar sequences were identified using the BLAST algorithm and the NCBI database. In addition, the EzTaxon-e database (http://www.ezbiocloud. net/) was queried in order to identify the most similar 16S rRNA gene sequences from verified type strains [9] . The complete genome was sequenced by using the PacBio platform at CBG (Cocobio, Nanjing, China). Assembly of the raw sequencing data was performed using GapCloser (version 1.1.2; http://soap.genomics.org.cn/soapdenovo.html). The percentage of conserved proteins (POCP) between paired genomes was calculated according to the method of Qin et al. [10] .
The 16S rRNA gene sequence of strain 017 T was aligned using SINA online [11] after removal of the bases that remained unaligned at the ends. The aligned sequence was imported into the database of the Living Tree Project, release 123 [12] , using the ARB software package [13] . Phylogenetic trees based on the 16S rRNA gene sequence were reconstructed using the neighbour-joining method with the Jukes-Cantor correction [14] , the maximum-likelihood method using RAxML8 [15] with GTR-GAMMA and rapid bootstrap analysis, and the maximum-parsimony method using DNAPARS version 3.6 [16] .
The nearly complete 16S rRNA gene sequence (1454 nt) of strain 017
T was obtained. The EzTaxon-e analysis revealed that the sequence had the highest similarity to T. turnerae T yielded a genome of 6 878 829 bp after assembly. There were 5854 ORFs detected, and the average ORF length was 979 bp. The DNA G+C content of the bacterium calculated from the whole-genome sequence was 40.9 %, which correlated well with the data obtained by HPLC (40.2 mol%).
The neighbour-joining phylogenetic tree ( Fig. 1) , which was based on 16S rRNA gene sequences, indicated that isolate 017 T formed a separate branch within the family Cellvibrionaceae, order Cellvibrionales, which was also supported by the maximum-likelihood phylogenetic tree (Fig. S1a , available inthe online Supplementary Material) and maximumparsimony phylogenetic tree (Fig. S1b) . The value of POCP (percentage of conserved proteins) between the genomes of strain 017 T and T. turnerae T7902 T [17] was 38.97 %, which was lower than the proposed 50 % cut-off for the genus boundary of prokaryotic lineages [10] . This strongly supports that the isolate forms a novel genus which is clearly different from the genus Teredinibacter.
Phenotypic characteristics were determined as follows. Gram staining was performed using the method described by Smibert and Krieg [18] . Cell morphology and flagella were observed by transmission electron microscopy (Jem-1200; JEOL). Growth was tested at the following temperatures: 4, 10, 11, 12, 13, 14, 15, 20, 25, 28, 30, 33, 37, 40, 41 and 42 C in marine agar 2216, with growth response recorded every 12 h. Tolerance to NaCl was tested with modified marine ZoBell agar made with 0.5 % peptone, 0.1 % yeast extract, 0.01 % FePO 4 and seawater replaced by artificial seawater (0.32 % MgSO 4 , 0.12 % CaCl 2 , 0.07 % KCl and 0.02 % NaHCO 3 , all w/v) containing different concentrations of NaCl (0, 0.5 and 1-10 %, in 1 % increments, w/v), with growth response recorded every 12 h. To test the effect of pH on growth, marine broth 2216 (MB; BD) was adjusted to different pH with buffers: MES (for pH 5.5-6.0), PIPES (for pH 6.5-7.0), HEPES (for pH 7.5-8.0), Tricine (for pH 8.5) and CAPSO (for pH 9.0-9.5), each at a concentration of 20 mM. The optical density at 600 nm (OD 600 ) of the cultures was measured after incubation for 48 h. Anaerobic growth was determined by placing inoculated marine agar 2216 (with or without 0.1 %, w/v, KNO 3 ) into an anaerobic jar filled with a mixture of N 2 /H 2 /CO 2 gas at 80 : 10 : 10, by vol. Hydrolysis of agar, starch, sodium alginate, carboxymethylcellulose and Tween 80 was measured according to the method of Dong and Cai [19] . Catalase activity was detected by monitoring bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was measured using a bio-M erieux oxidase reagent kit according to the manufacturer's instructions. Marine broth 2216 supplemented with 0.1 % (v/v) nitrate in test tubes was used to test the nitratereducing ability of the strain, according to the method of Cowan and Steel [20] . The inoculated test tubes were placed in aerobic and anaerobic conditions at 33 C for 7 days, and uninoculated test tubes served as control groups. Tests for other physiological and biochemical characteristics were carried out using API 20E and API ZYM strips (bio-M erieux). The ability of the strain to produce acid from carbohydrates was tested using API 50CHB (bioM erieux), and its ability to oxidize different compounds was tested using GEN III MicroPlates (Biolog). The additional tests mentioned here were performed according to the manufacturers' instructions, except that the salinity of the medium was adjusted to 3 % by adding autoclaved 30 % (w/v) NaCl before inoculation. The reference strains were grown for comparative analysis under the same culture conditions. Susceptibility to antibiotics was assessed according to the guidelines of the Clinical and Laboratory Standards Institute [21] . First, a cell suspension (McFarland standard 0.5) was swabbed over the surface of marine agar 2216 to create a uniform lawn before the aseptic placement of antibiotic discs onto the marine agar surface. Inoculated plates were incubated at 33 C for 48 h.
A transmission electron micrograph suggested that cells of strain 017 T were rods with a polar flagellum (Fig. S2 ). Strain 017 T formed circular, yellow, 2-3 mm in diameter colonies with entire edges after incubation for 2 days at 33 C. Optimal growth occurred at 28-33 C (range 15-40 C), with 3 % (w/v) NaCl (range 2-4 %) and at pH 8.0 (range pH 6.5-8.5). Strain 017 T was positive for catalase activity, but negative for oxidase. Interestingly, the closely related reference strains were positive for oxidase activity. Strain 017 T failed to hydrolyse Tween 80, alginate or cellulose, but was positive for hydrolysis of starch and agar, and also positive for nitrate reduction. Strain T. turnerae DSM 15152
T was capable of hydrolysing cellulose but not agar, while 017
T had a strong ability to degrade agar but not cellulose, which can be used to distinguish the two related strains. Strain 017 T did not form visible colonies on marine agar 2216 with or without 0.1 % (v/v) KNO 3 in the anaerobic jar. A positive result for gelatinase was the sole positive reaction that occurred in the API 20E tests. According to API ZYM kits, cells were positive for alkaline phosphatase, leucine arylamidase, trypsin and naphthol-AS-BI-phosphohydrolase activity. The trypsin result differentiated 017
T and the reference strains (Table 1) . Seven and three positive reactions were observed using the Biolog and 50CHB tests, respectively, and the details are given in the species description. Strain 017
T was resistant to tetracycline (30 µg), vancomycin (30 µg), lincomycin (2 µg), acetylspiramycin (30 µg), clindamycin (30 µg) and penicillin (10 µg), but susceptible to streptomycin (10 µg), kanamycin T , data from this study; Gilvimarinus polysaccharolyticus [3] ; Gilvimarinus japonicus [4] ); 6, Saccharophagus [5] ; 7, Maricurvus [32] . All genera contain ubiquinone-8 and are positive for catalase. +, Positive; À, negative; V, variable; NR, not reported; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PN (APL), aminophospholipid; PS, phosphatidylserine; DPG, diphosphatidylglycerol; L, lipid; GL, unknown glycolipid. The genomic DNA G+C content was determined by HPLC according to the method of Gonzalez and Saiz-Jimenez [22] . The DNA G+C content of strain 017 T was 40.2 mol%, which was much lower than those of other representatives of the family Cellvibrionaceae and significantly different from that of the closely related strain T. turnerae T7902 T (Table 1) .
Fatty acids were detected from 50 mg freeze-dried cell material obtained from cultures grown in 2216E liquid medium at 28 C for 2 days (exponential growth phase). Fatty acids were saponified, extracted, methylated and analysed using an Agilent model 6890 N gas chromatograph according to the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.1. Peaks were integrated automatically, and fatty acid names and percentages were calculated using the MIS standard software and the TSBA 40 database (MIDI). The reference strains for comparison were grown to the same physiological phase. In order to determine the chemical characteristics of the polar lipids in strain 017
T , 300 mg freeze-dried cell material was extracted from a 2-day-old culture grown in marine broth 2216 at 28 C. Polar lipid analysis was carried out by the Identification Service of the DSMZ (Braunschweig, Germany) according to the method of Tindall [23] . Respiratory lipoquinones were extracted from 300 mg freeze-dried cell material using the method described by Hiraishi et al. [24] . T did not ( Table 2 ). The predominant polar lipids detected in the novel isolate included phosphatidylglycerol, phosphatidylethanolamine, aminophospholipid and some other unknown lipids; small amounts of phospholipids and aminolipids were also detected (Fig. S3 ). There was a difference in the major polar lipids between strain 017 T and members of related genera ( Table 1 ). The sole respiratory lipoquinone detected in strain 017
T was Q-8.
The results of the physiological and biochemical tests mentioned above suggest that strain 017 T represents a novel taxon in the family Cellvibrionaceae, order Cellvibrionales. Considering the results of phenotypic, molecular phylogenetic and chemotaxonomic analyses, we suggest that strain 017
T represents a novel species of a new genus, for which the name Agarilytica rhodophyticola gen. nov., sp. nov. is proposed. *Summed features represent groups of two or three fatty acids that could not be separated by gas-liquid chromatography with the MIDI system. Summed feature 2 contained C 14 : 0 3-OH and/or iso-C 16 : 1 ; summed feature 3 contained C 16 : 1 !7c and/or iso-C 15 : 0 2-OH.
